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k This standard is issued unto the fixed designation' D 1JF38; the number immediately following the de$ignatioa j indicates' the year of 
. original adoption or, in the case, of revision, the year of last revision. A number in parentheses indicates the year of last reapprovaJ. A • 
. ^superscript epsUon4*).mdirates'an editorial change since the last revision or reapprOval?-'i-- : ^ fctfcv/,. .. „iCi -XH'-J- .Sf~'JX\. c>r--a 



Scope/-.. • ;0r.: V* ■ 

" 1.1 This test method covets the determination of the force 
necessary to "propagate a tear in plastic film and thin sheeting 
(thickness of 1 mm (0.04 in.) or less) by a single-tear method 
,. „ 1.2, Jhe values stated in SI units are to 1^, regarded as the 
standard! The values giverf in parenthes^ aire .for informa- 

ftptx. only..?.. . . .... .: . . .... . . 

K3 This standard, does not purport lo address. all of the 
safety concerns, (f- any,, associated with its use* It is the 
responsibiliiy of the user of this standard ^.establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

Note 1 — This standard and ISO 6383-1 are technically equivalent 
However, the specimen size is larger for ISO 6383-1- 



2. Referenced Documents u _ ; .».•. 
'2A'A$TM Standards: 

D374 Tat" Methods for Thickness of Solid Electrical 

• 'Insulation 2 J ■ J * ,t " ' « 

D618 Practice for Conditioning Plastics and Electrical 

Insulating Materials foi- Testing 3 
D882 Test Methods for Tensile Properties of Thin Plastic 

Sheeting 3 

D 883 Terminology Relating to Plastics 3 
D4000 Qassification System for Specifying Plastic 
Materials 4 ■ 

E 4 Practices for Load Verification of Testing Machines 5 
; E 69 1 Practice for Conducting an Intel-laboratory Study to 
Determine the Precision of a Test Method 6 

2.2 ISO Standard: 

ISO 6383-1 Film and Sheeting— Determination of Tear 
Resistance Part 1 Trouser Tear Method 7 



3- Terminology 

3. 1 Definitions— Definitions of terms applying to this test 
method appear in Terminology D 883, 



1 This test method is under the jurisdiction of ASTM Committee D-20 on 
Plastic* and is the direct responsibility of Subcommittee D20.I0 On Mechanical 
Properties, 

Current edition approved Feb. 15, 1994. Published April 1994. Originally 
published as D 1938-62 T, Last previous edition D 1938 - 93. 

2 Annual Book of ASTM Standards* Vol 10.01. 

3 Annual Book of ASTM Standards, Vol 08.01. 
* Annual Book of ASTM Standards, Vol 08.02. 
3 Annual Book of ASTM Standards, Vol 03-0 1. 

6 Annual Book of ASTM Standards, Vol 14.02. 

7 Available from American National Standards Institute, 1 1 W, 42nd St., 13th 
Floor. New Y 0 *. NY 10036. 



4. Summary of Test Method 



• \r * r j 



4. 1 The force to propagate a tear across a fijm or sheetii 
specimen is measured using a constant-rate-of-grip separ 
tion machine =as described in Method A of Test Methot 
D 882. The force necessary to propagate the' tear is inte 
preted from the load-time chart \ 



5. Significance and Use 

5.1 This test method is of value in rating the tea 
propagation force of various plastic films and thin sheeting 
comparable thickness. The tear-propagation resistance 
highly extensible film or sheeting. is distinguished from tl 
tear-propagation resistance in slightly extensible , or no- 
extensible film or sheeting in Figs.^2 and 3 in 10,1 and 10. 
respectively. . ' . / . 

5.2 This test method should be used for' sp^fecatic 
acceptance testing only after it has been demonstrated th 
the data for the particular material are acceptably reprodii 
ible. ' . t ••/'■'" ff 

5.3 The data obtained by this test method .ftmUTtifi) 
mation for ranking the tear-propagation rr^t^nce of i>ia$t 
films and sheeting of similar composition. Actual use'perfo 
mance may not necessarily correlate with data from this te 
method. Setsof data from specimens of dissimilar thickne 
are usually not comparable: 

5.4 For many materials, there may be a specification th. 
requires the use of this test .method, but with 'some proc 
dural modifications that take precedence when adhering 1 
the specification. Therefore,' it is advisable to refer to th. 
material specification before using this test method. Table 
of Qassification System D 4000 lists the ASTM materia 
standards that currently exist 
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FIG. 2 UwcMTme Chart tor Law-ExtensJbi© Film 




8. Gooding : ^..^^ _ .. , . . ;JS 

u::: Conditioning— Condition the test specimens at 23. ^. 

2°G (73 A^3j$gp- and ^0 ; ±-3^ Relative .humidity. for^(ffl 
^ . less than^h prgr.to^ 

. BSctice^lSTS^ fc^fof^^&B vj^t? ^1^^ conditioning is 'reS 
- -j vvquiifci'Jjri cases <Jf <i&jgreement, the tolerances shall be ±VQ 

8*2.. 2>tf Cb/w/WorLS-y-rConduct tests in the standaixi labc^ 

ratory atmosphere of 23 ±°2*C (73#& ?: £6'^nd 50 ± 5 3$ 
relative humidity,; unless otherwise specified in the test£ 
methods. In cases of disagreement, the tolerances shall cbel 
il 0 C (±1.8'F) and ±2 % relative humidity. 



''time ' : * . - 

FJG. 3 Uad-Tune Chart for Highly Extensible Film 

6> Apparatus ; ) 

,6.1 Film-Testing Machine^ with a fotce-indicating head 
that can measure the load applied to tear the specimen^ It 
Should be equipped with a device for recording the load 
carried by the specimen and the amount of separation of the 
grips during the test. The testing machine shall be essentially 
free from inertia lag at the specified rate of testing and shall 
indicate the load with an accuracy of ±2 % of the indicated 
value or better. The accuracy of the testing machine shall be 
verified in accordance with Practices E 4. A device shall be 
included to control the grip-separation rate at 250 mm (10 
in.)±5%/min. 

6.2 Thickness-Measuring Devices, in accordance with 
Test Methods D 374 or a method of equivalent accuracy. 

6-3 Cutter— A sharp razor blade or the equivalent. 

6.4 Conditioning Apparatus, in accordance with Proce- 
dure A of Practice D 618. 

7. Test Specimens 

7. 1 The specimens shall be of the single-tear type and shall 
consist of strips 75 mm (3 in.) long by 25 mm (1 in.) wide 
and shall have a clean longitudinal slit 50 mm (2 in.) ±2 % 
long cut with a sharp ra2or blade (Fig. 1) or the equivalent 

Note 2— The thickness of the test specimens $MJ be uniform to 
within 5 % of the thickness over the length of the unslit portion of the 
Specimen. 

7.2 Measure the thickness of the specimen below the slit 
(sec Fig. 1) in several places and record it in millimetres to 
the nearest 0.0025 mm (0.000 1 in.). 

7.3 Cut enough specimens to provide a minimum of five 
tear-propagation force determinations each in the machine 
direction and in the transverse direction of the material being 
tested. 



9. Procedure ':. \r-^ .*:•. . ;; r •• ■ : r ••• -wfsin 

9. 1 .Secure Tongue -A (Fig. i ) iirorie grip and Tongue. B in 
the 'other grip of -the ipnstant-ratc^^ 
machine, 'usiiig an initial grip^ separation of 50 mm* ! (2 ii$ 
Align the specimen so that its major, axis coincides with 1 'an 
imaginary line joining the centers of the grips. " " -\* 

9 t 2 Using a grip-separation speed of 250 mm (10 inO/miS, 
start the machine, and record the load necessary to propagate 
the tear through the entire unslit 25-mm (14n.) portion. v 

9.3 Test not less" than five specimens in each of 'the' 
principal film, or sheeting directions. % : 

10. Calculation 

10.1 For thin films and sheeting that have load-time : 
charts characterized by Fig. 2, obtain the »average tear 
propagation force by averaging the load indicated on "the 
chart over the time period, disregarding the initial and final 
portions of the curve. This can be done with an integrator or 
a planimeter. In some cases, a fairly accurate estimate can be 
made by eye. . . 

10.2 For thin films and sheeting that have load-timc 
charts characterized by Fig. 3, obtain and report the initial 
force to continue the propagation of the slit and the 
maximum force from the chart. The initial force may be 
more readily detected by placing a dot approximately 3 mm 
(V* in.) in a diameter at the base of the razor-blade slit with a 
china-marking wax pencil. As the load is applied to the 
sample, observe the dot area. When the load is just sufficient 
to begin the extension of the slit, introduce a "blip" on the 
chart (see Fig. 3) by pushing the appropriate button on the 
recorder or the equivalent to mark this point The maximum 
load is the highest reading on the chart. Report both the 
initial load and the maximum load. 

10.3 For each series of tests, report the mean of all values 
obtained to three significant figures and as the mean value of 
the particular property. 

10.4 Calculate the estimated standard deviation as follows 
and report to the significant figures: 



s = V<Z** - nJF)/(n - 1) 

where: 

s = estimated standard deviation, 
X = value of a single observation, 
n « number of observations, and 
X = arithmetic means of the set of observations. 
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li: Report; .rj 
11.1 Report the following information: 
'1L1"4 Complete; iden^cation '^of r ttie ;- material "tested, 



TABl£-i^^^ Machine - 




.3*7 



57.45 



LDPE— LD 104 ^V;&£§^"&&\* " 53.98* 95.14 
LLDPE .! 3ifi^*&93iftA ^74"". 86.68 

HOPE N<£ 1 :c.%^^9^ ; C?49.^;^r.10B.O 



137.3 



pies with respect toipnndrM;dirau6ns-pi^ ? '^fop^M'SS^ 

1 1 .1. 2 Average thickness of test specimens, ' : ,rrc n ^ » 4afl 0(5 ^ 

11.1.3 Number of samples tested, 

11.1.4 Date of test, and 

1 1.1.5 Mean of the five average teaf : propag£fibn .determi- 
nations, usually in newtdns (or pbiri<^iforce), for the .iriatjS-., 
rials described in 10.1; and the mean of the 'five initio" 
te^-proga^tipn/prces and the mean of tteJRve maximum 
tc^-prbc^tib^^^ usually ' ir^ newtbns ; (br^oundi: 
force), for materials described in 10.2. Iii racfh^c^^repbrt 
th£ standi deviation of the^ abpve sets of data. In the cases 
where the s^cimens tear to one side, estate, arid report the 
values obtained. .! : " ' " '■ ."' 



1 9.72 
-19.81 • 

106.6 
..158.2 - 
95.14 

119.7 

296.9 



12l Precision and Bias " . .. . . ' t 

12,1 Precision: 

12.1.1 Tables I and 2 are based on a round robin 8 
conducted between 1986 and .1990 in accordance with 
Practice E 69 1 - 87, involving seven .materials .tested, J>y 
Seven laboratories. For each material, all the samples were 
prepared at one source, and randomized sections of film 
were sent to each of the laboratories which prepared the test 
specimens and tested them. Each test result was the average 
of five determinations. Each laboratory Obtaindi" two test 
results for each material. • - 

Note 3; Caution— The following explanations of r and R (12.L2 
through 12.1.2.3) arc intended only to present a meaningful way of 
considering the approximate precision of this test method. The data in 
Tables I and 2 should not be rigorously applied to acceptance or 
rejection of material, as those data are specific to the round robin and 
may not be representative of other lots, conditions, materials, or 
laboratories. Users of this test method should apply the' principles 
outlined in Practice E 69 1 -87 to generate data specific to their 
laboratory and materials, or between specific laboratories. The principles 
of 12,1.2 through 12.1.2.3 would then be valid for such data. 

12.1.2 Concept of r and R — If S r arid have been 
calculated from a large enough body of data and for test 
results that were the result of testing five specimens, the 
following applies: 

12.1.2.1 Repeatability Limit, r— In comparing two test 
results for the same material obtained by the same operator 
using the same equipment on the same day, the two test 



A $ r f=' wrtTHnHaqc^aitory ^standard devla^.Jor.the material stated. It is obtained 
by pooling the stanoam^aiwtat^ resuta. from, each laboratory, as 

* S R *- betweervlaOofat^^ action for \he material stated- ft fe a " 

poo&ng of the amounts by which the average of the test results for each laboratory 
deviate froWme"cfteraJl 'avemQe'for thaf material; ' v,i - - ' 1 ■ ' : • 
c rp withivtabpratory.w 

fl R = oetween^aboratorie^reixodu^ limit- 2.8 x.5 fl . 

TABLE 2 Tear Propagation Resistance (Trouser Tear) 
Transverse Direction (Values Expressed in Units of Grams-Force)' 



' Material 


Average" ? 








*° 


Polystyrene 


W».n 




. 3.08 




. . 8-63 


Polyester " 


32.47 ' 


>- » 


3.68 


4.88 ' 


10.31 ' 


■LOPE-LD104 


278.6 ; - 


12.21' 


30.29" 


34.18 


84.40 


Polypropytene./- . 




•'49.67* 


. .124.9 , 


^139.1 


349.7 




372.5. 


. 26.69 


■ ,31.68 


, 74.74. 


88.70 


HDPE NO. 2 


452.6 


24.68 


" 31.28 


69.10 ' 


8749 


HDPE No. 1 


549 J 


64.10 


.105,4 


179.5 ' 


295.0 



A s r ° witrnfhtaboratofy standard deviation for the material stated. It is obtained 
by pooling the standard deviations of the test 'resute from each laboratory, as 
follows: 

B S R = between-! aboratortes standard deviation for the material stated. It is a 
pooling of tna amounts by which the average of the test results for each laboratory 
deviate from the overall average for that material 
D r- within-laboratory repeatabilitY Dmit = 2.8 x S r 
°R = betweerHaboratories repr odboWtlty fimlt = 3,8 x Sn- 

results should be judged not equivalent if they differ by more 
than the r value for that material. 

12. 1 .2.2 Reproducibility Limit, R—\n comparing two test 
results for the same material obtained by different operators 
using different equipment in different laboratories, the two 
test results should be judged not equivalent if they differ by 
more than the /? value for that material. 

12.1.2.3 Any judgment in accordance with 12.1.2-1 or 
12. 1 .2.2 would have an approximate 95 % (0-95) probability 
of being correct 

12.2 Bias— There are no recognized standards to estimate 
the bias of this test method. 



< Supporting data on precision are available from ASTM Headquarters. 
Request RR; D20-II77. 



13, Keywords 

1 3. 1 plastic film; single tear; tear, thin sheeting; trouser 



7ne American Society (of Testing end Materials takes no position respecting the validity of any patent rlgrjts asserted in connection 
with any item mentioned in this standard. Users of this standard ere expressly advised that determination of tue validity of any such 
patent rights t and the risk Of infringement of such rights, are entirety their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapprOvQd Of withdrawn. Your comments are invited either for revision of this standard Of tOf additional standards 
and should be addressed to ASTM Headquarters. Your comments will recede careful consfdaration at a meeting ot the responsible 
technical committee, which you may attend, if you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St, Philadelphia. PA 19103. 
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Vp^ignatipn: D $82 ^ £1 



An American National : 



Standard J^st Mej^pds .f _r 



' This standard Is issued under the, fixed designation D 882; the number immediately following the designation indicates, tteycar ot^ j r - t 
original adoption Of, in the case of revision, the year of last revisian.,A_ number in parentheses inp^catesj^e year of feapjprj^al ^ y \ v c £ 
superscript ensHon (t) iiKucates an editorial c^ . '"**c » , " - . ■ ".\rv "' f *i 

. / neseti* methods /wve bmapprovedjip use. r v,irsf 
' M&Hod Standard 406.. Confoillht to s ... rt -t*«, 

•/A*- nrnnnment of Defense' ... ........ — 



„ the Department of Defense: 

..• • ..:}«;;■.;*, »w ow 1 - ■■{:-:■ i/' J- v.. * i; 1 : •-- 
1* Scope 

LI These test methods cover the determination of tensile 
properties of plastics in the form' of thin" sheeting, including 
film (less than 1.0 mm ,(0,04 in.) in thickness). 

Note 1 — Film has been arbitrarily defined . as sheeting having nom- 
inal trdekness nbt,greater than 0,25 mm (010 10 in.). 7, " 

Note 2— Tensile properties of plasties 1.6 mm (&04 in.) or greater in 
thickness shall be determined according to" Test Method D 638. 

12 two types of tension tests are described in these test 
methods/ differing basically only in manner of load applica- 
tion. These test methods may be used to test all plastics 
within the thickness range described and the capacity of the 
madunfc.eroployed. ... 

f U2.T .test [Method A: Static. Weighing, Coiistant-Rater 
of Grip Separation Test— tins test method employs ^a cbn : 
stant rate of separation , of the grips holding; the ends of the 
test specimen! 

1.2.2 Jest. Method B: Pendulum Weighing, Constant- 
Rate-ofPower-Grip Motion Test— This test method employs 
a constant rate of motion of one grip arid a variable rate of 
motion of the second grip. The variable-rate grip is attached 
to a pendulum weighing head, and its movement is depen- 
dent on the load-deformation behavior of the material under 
test 

1.3 Specimen extension may be measured in these test 
methods by grip separation, extension indicators, or displace- 
ment of gage marks. 

L4 A procedure for determining the tensile modulus of 
elasticity is included, using.Test Method A at one strain rate, 

1.5 The values stated in SI units are to be regarded as the 
standard. The values in parentheses are provided for infor- 
mation only. 

Note 3 — This modulus determination procedure is based on the use 
of grip separation as a measure of extension; however, the desirability of 
using extension indicators accurate to ±\>0% or better as specified in 
Test Method D 638 is recognized, and provision for the use of such 
instrumentation is incorporated in the procedure. 

1.6 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. A specific 



' Th*$a test methods a* utid&t the jurisdiction of ASTM Committee D-20 On 
Plasties and are the direct responsibility of Subcommittee D20, 10 on Mechanical 
Properties. 

Cunent edition approved Nov. |5, 199 1. Published January 1992, Originally 
published O 882 - 46 T. Lasi previous edition D 882 - 90. 



precautionary statement is given in Note 19. 

2. .Referenced Documents . . r : ■ 

2.1 A$T$ Standards: 

D 374,'Tek • Methods for Thickness of 'SoBd *Bcx:tnc 
•\ Insulation 2 ' 

D618 Practice 5 ; for Conditioning Plastics" and Hectricifl 

: Insulating Materials for Testing 3 
D638 Test Method for Tensile Properties of Plastics 3 
D4000 Classification System for Specifying Plastic Ma- 
terials 4 

E 691 Practice for Conducting an Interiaboratory Study fcj. 
Determine the Precision of a Test Method 5 

3. TenninoU>gy >; , : ' « : ■ — i / '3 
3.1 Definitions— Definitions of ^ terms and symbols" 

lating to tension testing of plastics appear in the Annex tti 
Test Method D 638. / .'^J. 

3.1.1 line grips— grips having faces designed to concen- 
trate the entire gripping force along a single line perpendic- 
ular to the direction of testing stress. This is usually done by, 
combining one standard flat face and an opposing face from" 
which protrudes a half-round. *J 

3.1.2 tear failure— a tensile failure characterized by fra<> 
tore initiating at one edge of the specimen and progressing " 
across the specimen at a rate slow enough to produce an 
anomalous load-deformation curve. 

4. Significance and Use 

4.1 Tensile properties determined by these test methods 
are of value for the identification and characterization of 
materials for control and specification purposes. Tensile 
properties may vary with specimen thickness, method of 
preparation, speed of testing, type of grips used, and manner 
of measuring extension. Consequently, where precise com- 
parative results are desired, these factors must be carefully 
controlled Since the actual loading rates vary between Test 
Methods A and B, the results obtained using these two 
methods cannot be directly compared. Test Method A is 
preferred and shall be used for referee purposes, unless 
otherwise indicated in particular material specifications. For 
many materials, there may be a specification that requires 
the use of this test method, but with some procedural 



« Annual Book of ASTM Standards, Vol 10.01. 
3 Annual Book of ASTM Standards, Vol 08.01. 
* Annual Book of ASTM Standards. Vol 08.02. 
^ Annual Book of ASTM Standards. Vol 14,02. 
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7pf!i53& that^e^precedejice :yfh$# adhering -teethe 
i^^i-rTterefore, it is adv^bie'.to^i^^ta-^ 
-~l3pec&caiipn teforejising.this test|methbdr Jable 1 

2 'jen&lbpfiaQdrti^ for 
afch'and development andjcnginee^g dcsi^ as wdi as 
ity control and specificati6n/»However, data from such 
its cfcnriot be considered significaiit for application?-dif- 
ing widtfy; from the load-time scatepf th?*est Employed 
^4.3 The -tensile modulus "of elasticity : is ah'inde* of the 
j^ess of thin plastic -sheeting. The •reproducibility. of test 
}6sults is' good when precise contfolis inairitained over "all 
^Kt^conditiohs. When different materials are being compared 
for .stiffness, specimens of identical dimensions must be 
'-gpiployed. r*n- . i-.y - , ( 

MiA-A The .tensile energy to break (TEB) is the total energy 
Absorbed per unit volume of the specimen up to the point of 
%pture; In some texts this property has been referred to as 
mughness. It is used to evaluate material that may be 
"•subjected to heavy abuse or that might stall web transport 
■/equipment in the event of a machine malfunction .in end-use 
^applications. However, the rate of strain, specimen parame- 
ters, and especially flaws may cause large variations in the 
airesults; In that sense, caution is advised in utilizing TEB test 
tresults for end-use design applications- 
A»:4.5 Materials that fail by tearing give anomalous data 
; which cannot be compared with those from normal failure. 

.tS,. Apparatus . 

" -5 A Grips— A gripping system that minimizes both slip- 
page and uneven stress distribution, 

. . Note 4— Grips lined with thin rubber, crocus-doth, or pressure- 
. , sensitive tape as well as file-faced or serrated grips have been successfully 
used for many materials. The choice of grip surface will depend on the 
'material tested, thickness, etc. More recently, line grips padded on the 
round face with 1.0-mra (40-rml) blotting paper have been found 
superior. Air-actuated grips have been found advantageous, particularly 
jn the case of materials that tend to "neck" into the grips, since pressure 
is maintained at all times. In cases where samples frequently fail at the 
edge of the grips, it may be advantageous to increase slightly the radius 
of curvature of the edges where the grips come in contact with the test 
area of the specimen. 

5.2 Thickness Gage— A dead-weight dial micrometer as 
prescribed in Method C of Test Methods D 374, reading to 
0,0025 mm (0.000 1 in.) or less. 

5.3 Width-Measuring Devices-^ Suitable test scales or 
other width measuring devices capable of measuring 0.25 
rnm (0.010 in.) or less. 

5.4 Specimen Cutler— Razor blades, fixtures incorpo- 
rating razor blades, suitable paper cutters, or other devices 
capable of cutting the specimens to the proper width and 
producing straight, clean, parallel edges with no visible 
imperfections, shall be used. Devices that use razor blades 
have proved especially suitable for materials having an 
elongation-at-fracture above 10 to 20 %. A device consisting 
of two parallel knives mounted firmly against a precision- 
ground base shear block (similar to a paper cutter) has also 
proved satisfactory. The use of striking dies is not recom- 
mended because of poor and inconsistent specimen edges 
which may be produced. It is imperative that the cutting 
edges be kept sharp and free from visible scratches or nicks. 




^mpp^^t^^eielung^eiQ jhat movw Maximum 

4^J*4*!tojte**a*io*iml :flw:afeo«i»HBr 
separation of the L«^bbjb. of these measuring systems shall 
be achate to *2 .^mrate^f separation 0 fc£ jaws shaJ1 
be , jjrngrm ^dM^ffl^m appro^'Ity 
13 to 500 mm^5^^iffl^ ne ^ 

«.^ U ?!x tfa t "ST *** in 9J **d 9.4. .This test 

method (A) shah be used for .tensile , modulus of elasticity 
measurements (Note 5)."~"."* ^-c:-:.-. - .. ' 

" 5 -ff F \ ^'S^rp^-^^tn&m^ of the 

pendulum type. This machine shall be" ' equipped vrfth a 
pendulum weighing head to measure the load applied to the 
test specimen and a device f or j ndicatin8 oi Wdirig the 
tensde load earned by the specimen wi* an accuiacV of 
±2 96. The rate of travel" bf the'poW^activated grip shall be 

JnfTin^ — (2 

nJ^J~\^ »n %TOor^ng ^ysiei is desirable, 

£5fc£fJ8F* rf .»'"«*Sp* for gets is supplied by 
r^^ S eQUipment. Care must be' taken to conduct tests at 

ESnlSF ^f 0 "? toe W** of "Odider to foUow actual 

load) will produce less than 2 %atot. ... 

6. Test Specimens 

H ?? t 1 s P edmeas shall consist of strips of uniform 
width and thickness at least 50 mm (2 in.) longer than the 
gnp separation used. .... 

6.2 The nominal width of the specimens shall be not less 
than 5.0 mm (0 : 20 in,) or greater than 25.4 mm (1.0 in ) 

6.3 A width-thickness ratio of at least eight shall be used 
Narrow specimens magnify effects of edge strains or flaws, or 

6.4 The utmost care shall be exercised in cutting speci- 
mens to prevent nicks and tears which are likely to cause 

Stn the°gnS e ° VW ° f 

JiZJST"* ±9 m shall be selected 

Si?5LS ^pL Umfo ^ t0 within 10 % of °* tWckness 
of materials 0.25 mm (0.010 in.) or less in thickness and to 
S S ;? m ^ materials ^ ter ^n 0.25 mm 

SiciSeS m less ^ a 100 mm (a040 in -) in 

n^mmJli" Whc ? thick, ' css variations in racess of those 
recom^nded ,„ 6.5. rcsulb may not be characteristic of the material 

6.6 If the material is suspected of being anisotropic, two 
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• 'MWf'- : i '•' ■ ■ ':*.-:.: -". . . . 

sets of^spgdMeSs shiU bep Within Si%9$p the J * iio-4bad vidue3^hch^[J^nidg^iuni 

jj 6*3aFor3teh^e^^ r^ttii^4ifit&^ of 

specimen gage length "of 250 mm in:)" shall te^n&de^ ^ ^p s^^fion^may be determined for the^purpoke lif : th< 
as standard. This length is used in ^;oi^i^461in^in3z^ the *&™&\*&*rf£*~i*\>t**iz*a~t& 
effects of grip slippage on test results*' When this length fs not 
feasible; test'sections as short as 1CK) min (4 in:) May bemused 
if it has been shown that results"kre'n6t appi&iably'affeetedJ 
However,' thel 250-mm gage length' shall be used for referee 
purposes: The speed of testing of shorter specimens must be 
adjusted in order for the straihirate to'be equivalent to that of 
the" ; standard specimen; 7 i**;c ;&zvi« V? .j-.;-.-:.,* 



^ote o^Two round "robin tests 6 have shown that, for ^materials of 
less than O.^S-mm ( iO-mil) thickness, line grips padded on the round 
side with l.O-'m'm (40-mil)' blotting paper give the same results with a 
lOO-mxn test section as a 250-mm test section" produces' with flat-face 
grip* • :: :.• . . ■■ i.V . 

Note 9— Excessive jaw slippage becomes increasingly difficult to 
overcome , in . cases^ . where high modulus .materials are tested "in thick- 
dcsscs greater than 0.25 mm (0.0 10 in.}/' .' ' / 

7. Conditioning ' ! ' 

, 7,1 Conditioning—Condition the test specimens at 23 ± 
TQ p5A ± 3.6T) and 50 ±."S % relative humidity for not 
less than "40 h prior to test in accordance with Procedure A of 
Practice D 618 for those tests where conditioning is requiredv 
In cases of disagreement, the tolerances shall ,be 1°C (L8'F) 
and ±2 % relative humidity." 1 , '•' iV v- ! y["^ 
. 7.2 , Test Conditions-Conduct tests' in the Standard Lab-* 
oratory Atmosphere of 23 ± 2 B C (73,4 ± 3.6°F) and 50 ± 5 % 
relative humidity, unless otherwise specified in the test 
methods or in this specification. In cases of disagreement, the 
tolerances shall be ±1°C (±L8°F) and ±2 % relative hu- 
midity. 

8. Number of Test Specimens 

8.1 In the case of isotropic materials, at least five speci- 
mens shall be tested from each sample. 

8.2 In the case of anisotropic materials, at least ten 
specimens, five normal and five parallel with the principal 
axis of anisotropy, shall be tested from each sample. 

8.3 Specimens that fail at some obvious flaw or that fail 
outside the gage length shall be discarded and retests made, 
unless such flaws or conditions constitute a variable whose 
effect is being studied. However, jaw breaks (failures at the 
grip contact point) are acceptable if it has been shown that 
results from such tests are in essential agreement with values 
obtained from breaks occurring within the gage length. 

Note 10— In the case of some materials, examination of specimens, 
prior to and following testing, under crossed optical polarizers (polar- 
izing films) provides a useful mains of detecting flaws which may be, or 
are, responsible for premature failure. 

9. Speed of Testing 

9. 1 The speed of testing is the rate of separation of the two 
members (or grips) of the testing machine when running idle 
(under no load). This rate of separation shall be maintained 



test ra&h<^ 'sttiiff fftera? Tdlldws: '»T 

■iZ ijc/A jiOtCv 4 '.. ■ifirw.-; **g^j^\P5F^W?'**'- c»te 
catfil sfsfc- ^v^^H^Ta^^fi^vr. -br* fcuiKn 

wheit5I-#\ •*■<■*«.»•; }W(T*|; Tt "I 4 ~ f*~ rfrffi*" -j. - ' 

A .ff. w rate pf.grip reparation, J^j(Qf ifl-j/min,: 
B tf=. . initial; 0istance : j^twe^p 'grips,; jam iot L i$X; and - 
C : r= jnitial strain rate,.mn^mm:min (or iio./itL:*n}in); T" :r: ^ 
: 9.3 1 The iaifiat [strain' rate ! shall be as ,jr . Table 1 
o^erwise ideated , by .,the-. spe^cation': £or the . materS[: 
being tested. ( ^!._ ri ;"i : t: \z* \- ,;r • .-.*• -ji 

Note 11 — Results obtained at different initial strain rates ait not ; 
comparable; consequently, where direct comparisons between materials \ 
in various xlpDgatip^ classes, are required^ a single, initial \ strain, rate, 
should be. used For some materials it may be . advisable to select the ' 
strain rates'pn the basis ,of j»rcent i elbngation at yield , T '/ 

9.4 In cases where conflicting material classification, as 
determined by percent elongation at break yalues, results in a 
choice of strain rates, the lower rate shall be used. V 

9.5 If modulus yalues are being determined, separate 
specimens shall .be. used whenever strain-rates and specimen . 
dimensions are not the same as those employed in the test for 
other tensile.properties. 

10. Procedure 

10.1 Select a load range such that specimen failure occurs 
within its upper two thirds. A few Trial runs may be necessary 
to select a proper combination of load range and specimen, 
width. 

10.2 Measure the cross-sectional area of the specimen at 
several points along its length. Measure the width to an 
accuracy of 0.25 mm (0.010 in.) or better. Measure the 
thickness to an accuracy of 0.0025 mm (0,0001 in.) or better 
for films less than 0.25 mm (0.010 in.) in thickness and to an 
accuracy of 1 % or better for filmi greater than 0.25 mm 
(0,010 in.) but less than L0 mm (0.040 in.) in thickness, 

10.3 The initial grip separation shall be at least 50 mm (2 
in,) for materials having a total elongation at break of 100 % 
or more, and at least 100 mm (4 in,), for materials having a 
total elongation at break of less than 100 %. 

Note 12— Since slippage is a potential problem in these teste, as 
great an initial distance between grips as possible should be employed 

10.4 Set the rate "of grip separation to give the desired 
strain rate based on the initial distance between the grips 

TABLE 1 Spead of Testing 



6 Supporting dau arc available from ASTM 
D2O-I0S8, 



Headquarter*. Request RR; 



Test Method 


Percent Elongation 
at Break 


initial Strain Rate, 
mm/mm -min 
(in./in.»min) 


Modulus of Elasticity Determination 


A 0.1 


Determinations other than Elastic Modulus 


A 
B 


Less than 20 
2C to 100 
Greater than 100 
Less man too 
Greater than 100 


0.1 
0.5 

10.0 
O.S 

10.0 
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13). Balancej/zero^ahd calibrate"tKe ld^weighing anil 

ording system. -'W\*-.<.&jt& 

*r~^~-.;::~~ ■ ~r ■; : ™ — i^ttoq^it^ 

fl$QT£ .\ 3 — S'uggested^ crossh^d sjjeeds and, initial, grip separation to 
w Jhe.desired . initial lanid Irate "dcsi^cK 'In Tabic' 'L'Sre' shown in 

. In xases where it is desired to measure a test section 
er than' the' total lengtfi" .bei»^ jfte'gri^j 1 marl$ the ends: 
$5f the desired test sectibtfwith [^sofU , fi^ji^.'crayon or^th 
n3c Do .not scratch these marks onto the surface since such 

aiches may act as*st!^ 5 "^ 
fspecimen failure. Extensometers may te'used if available; "in 
J this case, the test section wiJLbe' Sefiped blithe contort'points 
^oftheextenspmeter v „ r , r - f '^'"l" , r ',..,!/ "j'^VV* * • 

: Note -14— Measurement of a specific' test section 1 is necessary with 
i'sorne materials haying high elongation;. As the specimen elongates, the 

• accompanjdng reduction in area results in a loosening of material at the 
'insjde .edge of the grips. Thi$ reduction and loosening moves back, into 

de'grips as further elongation and reduction in area takes place. In 
•cfTect, this causes problems similar to grip slippage/ that is, exaggerates 
; measured extension. '•' ' • - ! ' • • 

• ] "JlO.6 Place.. the test specimen in the. grips of the testing 
. machine, taking care to align the long axis of the specimen 

. \wth an imaginary line joining the points of attachment of 
the gripSrto the machine. Tighten the grips evenly and firmly 
tb the degree necessary to minimize slipping of the specimen 
during. test : , • 

v.- 10.7 Start the machine and record load versus extension. 

.* *3ilP/.74. ■ Wheo L .the < .total length between the grips is used as 
the test area, record load versus grip separation. 
.-.10.7.2 When a specific testarea has been marked on the 
specimen, follow the displacement of the edge boundary 
lines with respect to each other with dividers or some other 
suitable , device. If a load-extension curve is desired, plot 
various extensions versus corresponding loads sustained, as 
measured by the load indicator. 

10,7.3 When an extensometer is used, record load versus 
extension of the test area measured by the extensometer. 
. 10.8 If modulus values are being determined, select a load 
range and chart rate to produce a load-extension curve of 
between 30 and 60° to the X axis. For maximum accuracy, 
use the most sensitive load scale for which this condition can 
be met. The test may be discontinued when the load* 
extension curve deviates from linearity. 

10.9 In the case of materials being evaluated for secant 
modulus, the test may be discontinued when the specified 
extension has been reached. 

10.10 If tensile energy to break is being determined, some 
provision must be made for integration of the stress-strain 



c^e£ft^ 

tHeV jte^6r:a^b§^ thfc 



(e/(^iAj&ex7^ its. 



per 

unit 0t : wi^thj-'-usuauy^ne^ « metfe/ : (or pounds per 

inch) of width, audre^r^.t^ f^ura;-The 
thickness ; of the< film ^sr^^Mwa^be^stateij'ito the';nearest 
0.0025 .mm (6.0001^^^ £^rV ^4^> 

Exdmple— Breakmg -Factor =^1 :75 kN/m"( 10.0 Ibf/inj of 
width fpr,p.l30p-mm (6,^ ! 

Note 15— This method of reporting is useful 7 for very thin films 
(0.13 mnv(0.0O5 in,) tod. less) for. (which breaking load may hot be 
proportional to cross-sectional area and whose thickness may be difficult 
to determine .with precision, ..Fur^ermpri'^^, which are in effect 
laminar due to orientation^ slcin erra^^ndhu^orm crystallinity, etc., 
have tensile properties o^rbpbruonalc "to cross^sectional area. ' 

. .1.1.2 ' Tensile Strength (npmir^JJ ISal] be 'calculated by 
dividing the ^maximum lokd by.' tte " origirial minimum 
cross-sectional' area of the'specimen- The result shall be 
expressed in force per unit area, ''u^aUy^megapascals (or 
pounds-force per square inch). This yflue shall be reported 
to three significant figures.' 

Note 1 16— When tear failure occurs, so indicate and calculate results 
based on load and elongation ( at which tear initiates, as reflected in the 
load^eformatidn'ciirve, ' ' . ' . " / " : . J ... • 

1 1.3 Tensile Strength at Break (nominal) shall be calcu- 
lated in the same way as the tensile strength except that the 
load at break shall be used in place of the maximum load 
(Notes 16 and 17). 

Note 17— In many cases tensile strength and tensile strength at 
break are identical. 

11.4 Percent Elongation at Break shall be calculated by 
dividing the extension at the moment of rupture of the 
specimen by the initial gage length of . the specimen and 
multiplying by 100. When gage marks or extensometers are 
used to define a specific test section, only this length shall be 
used in the calculation; otherwise the distance between the 
grips shall be used. The result shall be expressed in percent 
and reported to two significant figures (Note 16). 

1 1.5 Yield Strength, where applicable, shall be calculated 
by dividing the load at the yield point by the original 
minimum cross-sectional area of the specimen. The result 
shall be expressed in force per unit area, usually megapascals 
(or pounds-force per square inch). This value shall be 



TABLE 2 Crosshead Speeds and Initial Grip Separation 



Test Method 


Percent Elongation 
at Break 


Initial Strain Rate, , nltW ^ p Separation 
mm/mm -min 

{in./in.-min) rnm in. 




Rate of Grip Separation 
mm/mki in./min 


Modulus of Elasticity Determination 


. A 




0.1 250 10 




25 1.0 


Determinations other than Elastic Modulus 



Less then 20 
20 to 100 
Greater than iQQ 
Less than 100 
Greater than 100 



0.1 
0.5 

10.0 
0.5 

10.0 



125 
100 

SO 
100 

SO 



12.S 

50 
500 

50 
500 
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0.5 
2.0 

20.0 
2.0 

20-0 
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■rialsihat?^ 

in the Appenttx of Test Method D 'iSKlnV^Witt^^lu^ 
•shoklbegi^^ 

v 1 L6 Percent Elong&tioh ■ at r Yield y - where applicable, 7 ; shall 
be calculated by-dividing the ex't^isibn at^e^ yield "point by 
theanitial gage Ien^'trf'sp^^ 

When' gage ' marks 'or^ extensbineters -are- used' -to 'define' 'a; 
specific *esT stttiori;^only ^thisj liyigth 'shall 1tt :; u$^'in ;the' 
calculation.'Before ^cUlating^^^ bc^sjbn for *toe 
cbmpei^tipn'' as described in Arinex'Al. The result! shall 
be ex^rasetf-in' percent -and rented -to'Ywo significant 
figures. When offset yield" strength is^tis^'tfie elongation at' 
the offset yield strength may , be. calculated. .:■ - . ■ -vs 

lh7 Elastic Modulus shall be calculated by drawing a 
tangent to the initi^ ' linear portion : of the joad^exiension 
curve/selecting any^inf 6i ih& .tangent, abd 'dividing the 
tensile stiress, by the Qbrresponding sbain^. Before WcjtUating, 
correct the extension for "toe cp mpen^tiorr as described in 
Annex AL For purposes oif this determination, the tensile 
stress shall b<e calculated by dividing the load by^the average 
original cross section of the test section. The result shall, be 
expressed in force per unit area,' usually megapascals (or 
pbundfr-force per square inch), and reported to three isignifi- 
cant figures. 7 

11.8 Secant Modulus, at .^. designated, strain, : shall be 
calculated by dividing the corresponding st^ (nominal). by 
the designated strain. Elastic modulus values are preferable 
and shall be calculated whenever possible. However, for 
materials where no proportionality is evident, the secant 
value shall be calculated. Draw the tangent as directed in 
A 1,3 and Fig, A 1.2 of Annex Al, and mark off the 
designated strain from the yield point where the tangent line 
goes through zero stress. The stress to be used in the 
calculation is then determined by dividing the load at the 
designated strain on the load-extension curve by the original 
average cross-sectional area of the specimen. 

11.9 Tensile Energy to Breaks where applicable, shall be 
calculated by integrating the energy per unit volume .under 
the stress-strain curve or by integrating the total energy 
absorbed and dividing it by the volume of the original gage 
region of the specimen. As indicated in Annex A2, this may 
be done directly during the test by an electronic integrator, or 
subsequently by computation from the area oF the plotted 
curve. The result shall be expressed in energy per unit 
volume, usually in megajoules per cubic metre (or inch- 
pounds-force per cubic inch). This value shall be reported to 
two significant figures. 

1 1.10 For each series of tests, the arithmetic mean of all 
values obtained shall be calculated to the proper number of 
significant figures. 

11.11 The standard deviation (estimated) shall be calcu- 
lated as follows and reported to two significant figures: 

S « VfZ* 2 - nX 2 )/^ - T) 

where: 

s = estimated standard deviation, 
X - value of a single observation, 
n = number of observations, and 



^#iarj^ 
12. Report 




including type," source"; ; i^ufii^ef $ pDde number, jb™ 
principal -'duii^sidns? pre^dm 'hirtory^and dnentatibh { c 

: 12.1.2* Me^Gdbfprei^ng tert'^^fensj' * 




te Employed, " 

12:i.6 v tftp ^mfi6n : (imfii); iV ' ' vr ^}?\* ; ; . . ^ 
12.1.7 Crosshead speed (rate of grip separation), 
12. 1 A. Gage length (if different from grip separation), 

12.1.9 Type of grips used, including facing (if any), ;i * 

12.1.10 Test method (A- of -B), w v - - ' r " 
•12.1.1 !•' Conditioning 'procedure ; (test conditions, tem^e^, 

atur^e, and relative humidity if nonstandard), ~ 

12 A. 12 Anomalous behavior such as tear" failure , anc 
failure at a grip; 
•i 12.1.13 Average breaking factor and standard deviation^ 

12.1.14 Average tensile strength (nominal) and standard^ 
deviation, ' 

12.1.15 Average tensile strength at break "(nominal) anil 
standard deviation/ * u ' • • ■ %0 -v*l 

12.L16 Average percent elongation at break and standard 
deviation, 4 - — i -> t: v/' : ■= ": ■ • [\\ * 

12/1.17 Where applicable, average tensile energy to break 5 
and standard deviation, 

12.1.18 In the case of materials exhibiting "yield" ph?- .„ 
nomerion: average yield strength and standard deviation; and? 
average percent elongation at yield and standard deviation^; 

12.1.19 For materials which do not exhibit a yield point;, 
average — % offset yield strength and standard deviation;' 
and average percent elongation at — % offset yield strength' 
and standard deviation, 

12.1.20 Average modulus of elasticity and standard devi-' 
ation (if secant modulus is used, so indicate and report strain 
at which calculated), and 

12.1.21 When an extensometer is employed, so indicate': 4 - 1 

13. Precision and Bias 

13.1 Two interlaboratory tests have been run for these 
tensile properties. The first was run for modulus only, in 
1977, in which randomly drawn samples of four thin (~ 
0.025 mm (0-00 l-in,)) materials were tested with five speci- : 
mens in each laboratory. Elastic (tangent) modulus measure- 
ments were made by six laboratories, and secant (1%) 
modulus measurements were taken by five laboratories. The 
relative precision obtained in this interlaboratorv study is in 
Table 3. 

13.1.1 In deriving the estimates in Table 3, statistical 
outliers were not removed, in keeping with Practice E 691. 7 - 

1 3. 1 .2 The within-lab standard deviation of a mean value, 
5?, in each case was determined from the standard deviation, 
Sxy of the five individual specimens as follows; S x SJ(5) ]/1 . 
The S x values were pooled among laboratories for a given 



'Supporting data arc available from ASTM Headquarters, ReQucSi RRi 
D2<M084. 
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TABLE 3 Precision Date for Modmus.S g »gteataft iS^si^^g^ the research report, eaaiuft* & 



tiTahgirrt .Modulus toaH/t^ 



Material T", 



Thickness. Avora&S, S r S^." 



mils 



T lerj^thwi« lines ^2^^-=^^^-i -rffe 



LDPE.: ; . 1.4 

hope;;': lb 

pp w r; i.i 

per 0.9 



533, 

425 ' 
672 - 



1.B1 
5.47 
10.3 
13-9 



MljTJ 5.12 ,. ^4.9 



31 .5; •/ 29.0 
55.5 v;: 39.1 . 



89.1 
15M 



.••1; 



Secant Modulus 



l^P* 1-4 45.0 2,11 3.43 5.98 9,70 

HDPE 1,6 150 3.29 9.58 9.30 27.1 

PP ..: •! 1.1 372 .- 4.66 26.5 .13.2 . 74.9 

P€T 0*9 . 640 1 0.0 27.5 28.4 77,8 



10*frf 10 s psi l^psl'MO^psi 1f/c^,SC«^ 

— ^ — — -^r^ — — r ,; t toe bctwcen-laos component dfVariarice. 3 ^ 

;;^ : .VNote .:1£hGu^ 0 f / r ah<£/* (13.3 

through 13.3.3) are only intended' to present a meaning way of 
.1 . considering ^Approximate precision of this test method. The data in 
v Tablets) 3 through 8 should not be rigorously applied to the acceptance 
. : , S f ^tcria^.as.those data are specific to the round robin and 

may not be representati^oif other "lots, condition^ materials; or 
laboratories,. Users ^of ;te^me^.^hould apply ...the principles 
outhncd in Practice E 691 to generate data specific to their laboratory 
and materials, or between : specific laboratories. The principles of 13.3 
through 13,3.3 would then be valid for such data. 

13.3 Concept of. I,: and I R — If S r and S R have been 
edited Jrom a large_ enough body of data, and for test 
results that were averageS;V(me^an$/other fraction) from 
testing fivc r spq^e'n5f -; 'Z — 7f \r . " — *•.,:; 

1 3.3. 1 Repeatability, /, (Comparing two test results for the 
same material, obtained by the same operator using the same 
equipment on the same day)— -The two test results should be 
judged not equivalent if they differ by more than the L value 
for that material. 

13.3.2 Reproducibility,^ (Comparing two test results for 
the same material, obtained by different operators using 
different equipment on different days)— The two test results 
should be judged not equivalent if they differ by more than 
the I R value for that material. 

113 '.? Any judgment madeTn accordance with 13:3.1 and 
13.3.2 would have ah approximate 95 % (0.95) probability of 
being correct 

13.4 Bias~- The systematic error which contributes to the 
difference between a test result and a true (or reference) 
value. There are no recognized standards on which to base 
an estimate of bias for these test methods, 

14. Keywords 

14.1 modulus of elasticity; plastic film; plastic sheeting; 
tensile properties; tensile strength; toughness; yield stress 



■ material to obtain the within-lab standard deviation, S n of. a , 
test result (mean of five specimens). See 1^3 'through -13,3.2 * 

for definitions of terms in the tables. - • - . . .. ' 

■ 13.2 An intertaboratoiy ' test was run for all the other 
tensile properties except modulus in 1981, in which ran- 
domly drawn samples of six materials (one of these in three 
thicknesses) ranging in thickness from 0,019 to 0.178 mm 
(0.00075 to 0.007 in.) we're tested in seven laboratories, A 
test result was defined as - the mean of five specimen 
determinations. However, each laboratory tested eight speci- 
mens, and the S x was determined from - 5^/(5)^ as 
above. This was done to improve the quality of the statistics 
while maintaining their applicability to a five-specimen test 
result. 1 The materials and their thicknesses are identified in 
Tables 4 through 8, each of which contain data for one of the . 
following properties; tensile yield stress, yield elongation, 
tensile strength, tensile elongation at break, and tensile 
energy at break (see Note 1 8). 8 



* Supporting dqut arc available from ASTM HcatkjM-urtcrs. Rcquesi ftR; 
D20-1IQI. 
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an 



• cta" : " ' ' &3 •" ':i"*'"-i\A'*M : '= v ■ 



' PET - 
•if PET: 



c 4.0 i-.^ mv; 14,3 * w V 
! *v 2£ > --- i ;p5 il «y , Vi?:iK,aH.4 I?:?' " *. 



084?.q7-:': 
.14 -1j!L. 

.13 



" \,1 ' 0,13 s 2 

-o.52-:-v 
0-50: :!• 



'fG V.. 



'.MS 



0-36" 



-0.20- 

0-34 

0.34 

JX40 :.. 
; ; 0.37 



' 0-44" 1$l ^ 

0^6 . 

1,52 <z_l 
1.03 



* 5 r to the wltWrvJeboratory standard deviation of the" average. '" 

s ft : is the betW^abdratoties "standard "deviation of 'the average.*' ■*■•■*■ •* i 
C ^=-2.83S^' ■" . ■••.'''** '. ** 1 ^i'-^^T/;: • ■ '. 

*£fe.2J3&» "• v.- ■ -qr:..s. .;. 



TABLE .5 /Precision Data for Yield Elongation 



• Material 



• Thickness, mils ... i ■ • • Average, * 



PP 


0.75 ■ 




: ' - ■ ■ 


- 0-15 


l 'l-1>- < PET- ' 


• .-m 




62 


0.26 


PET , 


■ 4.0.-.. 




5.3 .... , 


0.25 


PET 


7.0 '■ 




" 54 


0.14 


' • ^ CTA'' 


■ $.3 




•5.4 


: ' 0.19 


PC 


4.0 ' 




• 6.9 • • 


i. 0.24 


HOPE 


1.0 






0.32 


LDPE 


1.0 




iO.O . 


0.55 



0.41 
0.92 
0.80 
.1.05. 
0-99 
0.98 
1.82 
•3-41 



0.42 
0.74 
0 .71 ; 
0.40 

0- 54 
0.68 
0.91 

1- 56 



1.2 
2.6 
1.7 
,3.0 

^8 

2.8 
52 
9.6 



Note— See Table 4 for footnote explanation. 



TABLE 6 Precision Data for Tensile Strength 



1 Material • • 


Tnlckness, mfls ' 


•Average, ir^psl ..■ 












•1.0 


3.42-v' ■•• 


' 0.14 


. 0.53 


040 " 




HOPE 


1.0 


6.87 , 


027 


• 0.81 - 


' 0.76 


'2.3 


PC 


.4.0 . 


120 


0-34 


0.93 


0.96 


2.6 


CTA 


5.3 


, 14.6 


0.20 


1.37 


0.57 






r 0.7S 


28-4 


■ 1.57 ' 


' "4.56 


4,4 


12.9 


PET 


. 4.0 


28.9 


0.65 


■ 1.27 


1.8 


3.6 . 


PET 


7,0 


. 30.3 


0.B3 


1.32 


2.3 


3.7 


PET 


2.5 


30,6 


1.22 


2-64 


3-4 


7,5 


Note— See Tabte 4 for footnote explanation. 


i 














TABLE 7 Precision Data for Elongation at Break 




i 


Material 


Thickness, mils 


Average. % 










CTA 


5.3 


26.4 


1.0 


4,3 


3 


12 


PP 


0.75 


57.8 


4.4 


12.7 


12 


36 


PET 


2-6 


120 


8.0 


14.6 


23 


41 


PST 


7.0 


132 


5.8 


10.B 


16 


30 


PET 


4.0 


134 


4,4 


12,2 


12 


35 


PC 


4.0 


155 


5.4 


17.1 


15 


48 


LDPE 


1.0 


205 


24.4 


73.3 


69 


210 


HOPE 


1.0 


570 


26.0 


91.7 


74 


260 



NOTE— See Table 4 for footnote explanation. 



TABLE 8 Precision Data for Tensile Energy to Break 






Average, iff* 


(sy io> 


10 3 


/f/VMO 3 


/(ft)O 103 


Material 


Thickness* nils 


in./1b 
in. 3 


in. 3 


in ./lb 
in. 3 


in. 3 




CTA 


5.0 


3.14 


0.14 


0.70 


0.4 


2.0 


LDPE 


1.0 


5.55 


0.84 


2.47 


2.4 


7.0 


PP 


0.75 


11.3 


1.19 


3.11 


3.4 


B.8 


PC 


4.0 


12.9 


0.59 


1.55 


1.7 


4.4 


HOPE 


1.0 


26.0 


1.87 


5.02 


5.3 


145 


PET 


2.5 


26.1 


2.13 


4.20 


6.0 


11.9 


PET 


4.0 


27.1 


1.42 


2.75 


4.0 


7.8 


PET 


7.0 


28.4 


1.71 


a.72 


4.8 


7.7 



note— See Table 4 tor footnote explanation. 
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••r- ANNEXES 



All TOE ^COMPENSATION 

l.: t '?r'' ".««•""■'. • • % 



. f)a".l '■ i-V ' '- 

' A 1.1 In a typical stress-strain curve (Fig. AlA) there is a 
iVt^-region^C which dde£" riot n^pfeseht a property of tte 
Material; It is ah 1 artifact~caused ty a takdup of slack, and 
alignment or seating of the specimen. In order tb : obtain 
correct valu^^of^u6h'ij^meters -as modulus, strain, and 
offset yield point, this artifact must -be compensated for to 
give the corrected 2cr6 poirit oti the strain or extension axis. 
; ...A1,2 In the case of a. material exhibi^ng a /.region of 
Hqokean (linear) behavior (Fig. A l .l); a continuation of the 
linear .(CD), region of ,the. curve is constructed through the 
zero-stress axis. This intersection (&) is the corrected zero- 
strain point from which all extensions or strains must be 




measured, including the yield offset {BE) ? if applicable. The 
elastic modulus can bc'deteSiriineii by dividing the stress "at 
any point along the line CD' (of its' extension) by the. strain at 
the same pfomt (nieasured c "fi:om point ^/'defined as zero- 
strain)."'^';" r ■■ 5vr: _:-r;: tr * 
A 1.3 In the case of a material that does' not exhibit any 
linear region (Fig. A1.2), the same kind of toe cprrection of 
the zero-strain point can be made by constructing a tangent 
to theiinaxiirium slope at the inflectipn -point (if-). This is 
extended to intersect the strain axis at point B ', the corrected 
zero-strain point Using point B '-as zero strain, the stress at 
any point (G') on the curve can be divided by the strain at 
that point to obtain a sqcant modulus (slope of line B* G'). 
For those materials with no linear region, any attempt to use 
the tangent through the inflection , point . as a basis for 
determination of an offset yield point may result in unac- 
ceptable error, r 




NoTg— .Some chart recorders plot the mirror Image of this graph, 
FIG. A1.1 Material with Hookean Region 



Note— Some Chart recorders plot the mirror image of this graph. 
FIG. A1.2 Material with No Hockean Region 
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A2. 1 Tensile energy to break (TEB) is defined by, the area, ./^sgvagEg or weighing the cutout curve. These techniques 



under the stress-strain curve, or 



TEB 



where Sis'ihe stress at any strain; *, .and ex is^e^su^ii^at 
ruptuie. The valine, is in units ivO^«cr^^Vnit volume of 
theiffccimen's initial, gage r^pA.TEBismpst conveniently 
and accurately measured with a tension tester equipped with 
an integrator. The calculation is then: . ■ ■ 

TEB = (//*) \ - '•••'d;: r .J-' 

" (^"11 seals lQ ^ d ) (chart speed) (crosshead. speed/chart, speed) 
... (mean caliper) (specimen width) (gage length) ! x - , 

where / is the integrator count reading and K is the 
maximum possible count' per unit time for a constant full 
scale load. This whole calculation is typically done electron- 
ically. The^results are best expressed in megajpules per cubic 
metre (or inch-pounds-force per : cubic inch). 1 ' 

A2.2 Without an integrator, the area under the recorded 
stress-strain curve can be measured by planimeter, counting 



time-consuming "and likely to be less accurate, since the f 
/ .icale on some chart paper is not in round-number dim 
' 'itfbhi 'Moreover/ .tf the curve coordinates are in tfifnns.^ 
force and extension instead of stress -and strain, the cal 
lated ene^, .ro3rrespon^g : to the;^easuI^,a^ea ^ .:mLUstc , 
divided by ^e. product of gage, length,; specimen width, & 
mean caliper; " 



TEB = 



(curve area), (force per unit chart'.scale) ; 

(extension per, unit chart travel) 



. (mean caliper) (specimen width) (gage length) . .. n 

A2.3 For example,- if the"*ra' ,a uiider a forccHextensio' 
curve is 60' 000 inm 2 , the load coordinate is 2.0 N/mia'' 
chart scale, the extension coordinate is 0.25 mm of extension 
per mm of chart travel and the specimen dimensions are 0;| 
mm caliper, \6 mm width and 100 mm gage length, then the] 
calculation for tensile energy to break is: 

| (60 000 mm 2 ) (2,0 N/mm) (0.25 x m / mm ) 
(0.1 x 10" 3 m) (15 x 10- 3 m) (100 X l0" 3 m) 
TEB = 200 MJ/m* 



TEB ' 



The American Society for Testing and Materials takes no position respecting the validity of Any patent righto asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirety their own responsibility. 

This standard is subject to revision at arty time by the responsible technical committee and must be reviewed every five years and 

if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTRA Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee, which you may attend. If you fee! that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 191G Race St, Philadelphia, PA 19103. 
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